A 69-year-old woman had experienced resistant edema of lower extremities and progressive dyspnea on exertion for two months. The patient visited our emergency room owing to exacerbation of her dyspnea symptom. Echocardiography demonstrated a mobile mass in the right atrium. Transesophageal echocardiography revealed a right atrial mass arising from the inferior vena cava which was partially mobile. The patient underwent urgent open heart surgery with resection of the right atrial mass and curettage of the tumor thrombus in the inferior vena cava. Histologic examination of the resected right atrial mass revealed the features of metastatic hepatocellular carcinoma. Subsequent work-up revealed that alpha-fetoprotein level was 3780 ng/ml. Abdominal echocardiography showed a tumor mass in the right lobe of the liver. The post-operative course was complicated by pneumonia, sepsis, and multiorgan failure. The patient died 48 days after surgery.
INTRODUCTION
Intracardiac metastasis of hepatocellular carcinoma (HCC) is rare. Before the era of echocardiography, antemortem diagnosis of this condition was difficult and the condition was usually an incidental finding during autopsy. However, since the widespread application of two-dimensional and transesophageal echocardiography in general practice, diagnosis of this condition has increased [1] [2] [3] . This study presents a case of previously un-diagnosed HCC presenting with dyspnea and resistant leg edema. Echocardiography detected a right atrial mass that was removed surgically and was proven histologically to be a metastatic HCC.
CASE REPORT
A 69-year-old woman had experienced resistant edema of the lower extremities and progressive dyspnea on exertion for two months. The patient felt exacerbation of her dyspnea symptom lasting a few days, and was referred to our emergency-department by a local doctor. In the emergency room, physical examination revealed blood pressure 122/63 mmHg, and pulse rate 84 beats per minute. The sclera was not icteric, conjunctiva was slightly pale, and the jugular veins were engorged. A grade 2/6 systolic murmur was heard at the left lower sternal border, and significant edema of the lower extremities was noted. Chest x-ray film revealed slight cardiomegaly. Moreover, electrocardiography demonstrated normal sinus rhythm. White blood cell count was 7700/mm 3 ; hemoglobin was 10.1 gm/dl; blood urea nitrogen was 24 mg/dl, and creatinine was 1.8 mg/dl. Echocardiography was arranged to investigate the possible cardiac cause of dyspnea and the nature of the cardiac murmur. Transthoracic echocardiography demonstrated a mass in the right atrium. The mass was partially mobile, and may prolapse into the right ventricle during the diastolic phase and moreover may return to the right atrium during the systolic phase. The mass appeared to arise from the junction of the right atrium and the inferior vena cava (Figure 1) . Doppler echo demonstrated evidence of mild tricuspid stenosis and regurgitation. Since the presence of the right atrial mass was considered a surgical emergency, the patient underwent urgent open heart surgery. Immediately prior to surgery, transesophageal echocardiography revealed a right atrial mass arising from the inferior vena cava which was partially mobile (Figure 2) . On surgery, a mass measuring 8X5X3 cm and arising from the inferior vena cava was noted and excised. Curettage of the tumor thrombus in the inferior vena cava was performed as low as possible. Histologic examination of the excised right atrial mass revealed features of metastatic HCC (Figure 3) . Workup for HCC was subsequently performed. ALT was 11 u/L (normal <36 u/L), AST was 33 u/L (normal <34 u/L), albumin was 2.7 gm/dl, HBS Ag was positive, anti-HC antibody was negative, and alpha-fetoprotein was 3789 ng/ml (normal <20 ng/ml). Abdominal echocardiography identified a tumor mass measuring 8.0X7.8 cm in the right lobe of the liver. Liver cirrhosis and ascites were also noted. The post-operative course was complicated by pneumonia, sepsis, respiratory failure and renal failure. The patient died 48 days after surgery.
DISCUSSION
The reported incidence of right atrial metastasis in hepatocellular carcinoma ranges from 0.67% to 4.1% [4, 5] . According to autopsy findings, hepatocellular carcinoma tend to extend from the hepatic vein to the inferior vena cava and then into the right atrium. Kato et al. [4] described the autopsy findings in five patients with HCC who had tumor metastasis to the right atrium. In four of five patients in that series the tumor thrombus completely occluded the right hepatic vein and inferior vena cava and extended into the right atrium. Moreover, in another patient the hepatic vein was unaffected but the tumor thrombus was partially occluding the inferior vena cava and extending into the right atrium. In another autopsy series of 18 patients with HCC who had right atrial metastasis reported by Kojiro et al. [5] , tumor thrombus involving the hepatic vein and the inferior vena cava was found in 15 (83.3%) of the 18 cases. The presence of tumor thrombus in the inferior vena cava and right atrium may hinder venous return to the right heart, thus reducing cardiac output, and can also cause "secondary Budd-Chiari syndrome" which is characterized by diuretic resistant leg edema, ascites and dilatation of abdominal wall veins [6] . In the present case, the patient experienced progressive dyspnea on exertion and diuretic resistant leg edema. These symptoms and signs are caused by reduced cardiac output and secondary BuddChiari syndrome. Echocardiography plays an important role in the detection of intracardiac mass. The characteristics and site of attachment of the mass may offer important information regarding the nature of the right atrial mass. Cardiac myxoma, which are rarely located in the right atrium, are generally highly mobile, and are mostly attached to the interatrial septum. Thrombus generally is fixed to the atrial wall, but also can be mobile. Meanwhile, metastatic tumor mass is generally fixed, but also can be mobile and is largely adherant to the junction of the right atrium and the inferior vena cava. Since tumor thrombus in the inferior vena cava is common in patients with HCC and right atrial metastasis, whenever an right atrial mass is detected by echocardiography, the inferior vena cava should be carefully scanned to exclude the possibility of cardiac involvement in malignancy [7] . However, transesophageal echocardiography gives more information about precise site of attachment to the atrial wall or interatrial septum and clearly illustrates the relationship with the inferior and superior vena cava [8] . When the right atrial mass is mobile as in the present case, the mass may move back and forth through the tricuspid orifice, causing systolic and/or diastolic murmur. The presence of thrombi (either attached or free-floating) in the right cardiac chambers carries the risk of pulmonary embolism and sudden death [9] . In most of these cases, pulmonary embolism has been observed to occur within a few days after echocardiographic diagnosis [9] . Ehrich et al. [10] reported a patient with HCC and right atrial metastasis who suffered a sudden drop in blood pressure. Surgical excision of the metastatic right atrial mass caused symptomatic relief, and the patient was still alive one year after surgery. Masaki et al. [11] described two patients with HCC and right atrial metastasis. Surgical removal of the tumor thrombus improved the dyspnea symptoms in each case. The subsequent course revealed one patient that survived for eight months and was able to return to work, while the other patient had unsatisfactory recovery and died suddenly one month after surgery. In the present case the patient died 48 days after surgery owing to sepsis and multi-organ failure. The rationale for surgical treatment in these patients is as follows: first, prevention of sudden death possibly due to massive pulmonary embolism [1, 9, 12] , second, improvement of life quality by ameliorating the symptoms of reduced cardiac output (dyspnea) and secondary Budd-Chiari syndrome [10] [11] [12] .
In conclusion, diagnosing right atrial metastasis in HCC is difficult because the symptoms and signs are nonspecific. However, right atrial metastasis should be considered when patients with HCC present with dyspnea, abnormal cardiac sounds and Budd-Chiari syndrome. Echocardiography is the most useful diagnostic tool for detecting metastatic right atrial mass.
